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ARTICLE INFO ABSTRACT 

Article history: Addressing climate change represents a governing the climate commons on a global scale. The “tragedy 
Received 11 October 2012 of the commons” might better be described as the “failure of governing the commons”. Hardin's 
Accepted 19 December 2012 solutions were “centralized government” and “private property”, which have long been criticized as 
Available online 7 February 2013 oversimplified. However, governing the unprecedented climate commons, there is only a “global 
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The Kyoto protocol failures 450 ppm (rising 2 °C). Some key evidences of the Kyoto failures are identified. The Kyoto failures do not 
Carbon leakage indicate that the Kyoto is a wrong tool of “centralized government”. Instead, the Kyoto failures are 


Carbon trading 
Multi-level and multi-scale approaches 
Post-Kyoto climate policy 


derived from the fact that the only “centralized government” cannot effectively govern the commons, 
which have been proven by the efforts of governing the commons last four decades. Here we propose a 
wide diversity of governance systems for climate common to addressing global warming. The multi- 
level and multi-scale governing system includes but is not limited to: (i) starting at home, 
(ii) emphasizing the local approach, (iii) efforts of global-level focusing these top emitters, (iv) 
improved information sharing, (v) privatizing the property of climate to avoid “free riders”, (vi) 
combination mitigation with adaptive, (vii) improved ecology services to expand carbon sinks. We 
argue that the Kyoto failures indicate again that reliance on a single “solution” may result in more of a 
problem than a solution in governing the common. Therefore, continuing to wait for another global 
federalism of climate policy may lead to missing the chance to make significant mitigations and 
adaptations in time to battling the climate change. Post-2012, multi-level and multi-scale approaches 
could make a difference in collective action for governing the climate commons to meet climate 


challenge. 
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1. Introduction 


“The tragedy of the commons” [1] has also beset the climate 
change [2-6]. Climate is shared by all, it is in each individual 
actor’s short-term interest to greenhouse gas (GHG) emission, 
rather than GHG reduction, so individual rational behavior driven 
by narrow short-term self-interest would lead to above 2 °C 
temperature rises (450 ppm COze), and ultimately harm oneself 
[2-4]. 

The “tragedy of the commons” might better be described as the 
“failure of governing the commons” [6-8]. Hardin’s solution were two 
institutional arrangements - “centralized government” and “private 
property” [9,10] - which have long been criticized as oversimplified 
[6,8,10]. However, governing the climate commons - unprecedented 
complexity and uncertainly commons, there is only a “global feder- 
alism of climate policy”, i.e., the Kyoto Protocol - cutting GHG 
emissions through an international binding treaty under the United 
Nations Framework Convention on Climate Change [3,11]. Given that 
the Kyoto Protocol set to expire in 2012, countries have tried to set 
another globe federalism of climate policy - post-Kyoto pact - since 
2008. However, the Climate Change Conference of 2009 Copenhagen, 
the 2010 Cancun and 2011 Durban have highlighted that a post- 
Kyoto binding agreement will not be reached before 2012. 

To avoid the climate common become unprecedented 
“the tragedy of the common”, it is time to deeply rethink and 
radically reshape our climate policy for fighting global warming. 
To this end, the present article is intended to identify key failures 
of the Kyoto Protocol so as to break the illusion of waiting for a 
“panacea” to emerge from global federalism of climate policy, and 
propose multi-scale and multi-level approaches to govern the 
climate commons and to avoid the tragedy of the climate 
commons. 


2. Two key evidences of the Kyoto failures 
2.1. The Kyoto system incompetence to lower carbon emission 


The Kyoto Protocol can neither effectively curb GHG emission, 
nor keep atmospheric GHG level below 450 ppm COze [12-17]. 
Global GHG emission continued to track the most carbon- 
intensive scenario of IPCC [12-14] (see Fig. 1). Even worse, 
growth rate of global fossil-fuel CO2 emissions has increased from 
1.0% yr! for 1990-1999 to 3.4% yr—! for 2000-2008 [12,13,15]. 
Global carbon dioxide emissions from fossil-fuel combustion and 
cement production grew 5.9% in 2010, surpassed 9 Pg of carbon 
(Pg C) for the first time [16]. Since 1960s, only major economic 
crises have led to important changes in the trajectory of global 
CO2 from fossil fuel combustion and cement production. As 
shown in Fig. 2, only economic recession has lowered the global 
fossil fuel and industrial CO, emission in the long term. 


2.2. Annex-B countries outsourcing their carbon emission 


Article 3 of the United Nations Framework Convention on 
Climate Change (UNFCCC) states that “the Parties should protect 
the climate system... on the basis of equity and in accordance 


with their common but differentiated responsibilities and respec- 
tive capabilities” [19]. Under the principle of “common but 
differentiated responsibilities”, the heart of the Kyoto Protocol 
lies in setting stringent target for Annex-B countries (37 devel- 
oped countries excluding the United States) for reducing GHG 
emissions, whereas non-Annex B countries (developing countries) 
are not subjected to emission reduction commitments [20-24]. 
However, economic performance and job creation, rather than 
GHG in atmosphere remain main criterion for choosing govern- 
ment leaders in the most developed countries (Annex-B). We 
have to confess that there is still lacking of sustainable and 
substantial force to drive national government - the signer and 
endorser of the Kyoto - cutting GHG emission. If the Annex-B 
countries appear lowering GHG emission, this is partly because 
they have exported the GHG emission to non-Annex B countries. 

The Kyoto protocol has defined the accounting framework for 
GHG emissions on production-based inventory, rather than 
consumer-based inventory. The producer-based inventory 
includes all carbon emissions from the production within a 
country wherever these are consumed, and does not take into 
account emissions generated in import goods. Compared to this, 
the consumer-based inventory is refereed as the emissions from 
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Fig. 1. actual global CO, emissions, compared with emissions scenarios and 
stabilisation trajectories. 
Source: [12,16-18]. 
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Fig. 2. The change in the trajectory of global fossil fuel and industrial CO2 
emission responds to the economic recession . 
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Table 1 
The difference between producer-based accounting and consumer-based accounting of Annex B and non-Annex B countries. 
Source: [25]. 
Component 1990 (Gt CO2) 2008 (Gt CO2) Growth (%/y) 
Annex B 
Domestic Annex B Domestic (Bdom) 11.3 10.8 —0.3 
Trade component Annex B to Annex B (B2B) 2.1 2.2 0.2 
Annex B to non-Annex B (B2nB) 0.7 0.9 1.8 
Production Annex B production (Bprod=Bdom+B2B+B2nB) 14.2 13.9 —0.1 
Consumption Annex B consumption (Bcons=Bdom+B2B+nB2B) 14.5 15.5 0.3 
Non-Annex B 
Domestic Non-Annex B domestic (nBdom) 6.2 11.7 4.6 
Trade component Non-Annex B to Annex B (nB2B) 1.1 2.6 7.0 
Non-Annex B to non-Annex B (nB2nB) 0.4 2.2 21.5 
Production Non-Annex B production (nBprod=nBdom +nB2B+nB2nB) 7.7 16.4 5.9 
Consumption Non-Annex B consumption (nBcons =nBdom +B2nB+nB2nB) 7.4 14.8 5.3 
Trade totals Traded emissions (B2B+B2nB+nB2B+nB2nB) 4.3 7.8 4.3 
Trade balance (B2nB—nB2B) —0.4 —1.6 16.9 
Global emissions (Bprod+nBprod=Bcons-+nBcon) 21.9 30.3 2.0 


Annex B components: Bdom, emission to produce and consume goods and services in Annex B countries; B2B, production in one Annex B country with consumption in 
another Annex B country; B2nB, production in an Annex B country with consumption in a non-Annex B country. Likewise for non-Annex B countries (nBdom, nB2B, 


nB2nB). 


goods and services consumed by residents in a country, wherever 
they come from. The data of producer-based inventory show GHG 
emissions in Annex-B countries fell around 2% from 1990 to 2008 
[12,15]. But once carbon imports from non-Annex B countries are 
added, Annex-B countries’ GHG emission actually went up by 
nearly 5.7% from 1990 to 2008 [25]. Annex-B countries have 
committed themselves to an average carbon reduction of 5% in 
1990 levels by the year 2012 [26], which represented that the 
average carbon reduction was about 0.7 Gt CO, yr~'. However, 
the net average annual emission transfer via international trade 
from non-Annex B to Annex B countries between 1990 to 2008 
is 18% higher the reduction target of 0.7Gt CO yr—! [25] 
(see Table 1). 


2.3. The carbon market (flexible mechanism) fault 


In July 2001, the Kyoto Protocol was revised in Bonn 
(the Kyoto-Bonn Accord). Trading emission allowances was added 
as “flexible mechanism” of meeting the binding carbon reduction 
target in the Kyoto-Bonn Accord. The Kyoto tried to get countries 
to set carbon emission caps, which were to be translated into 
permits, and then traded. Compared to the all-genuine markets 
evolved from the bottom up approach, the Kyoto carbon market 
was built by the top down approach [27]. The Kyoto carbon market 
has been criticized as a trading platform to simply buy more 
permits to emit more GHG [21-24,28-32]. For example, low 
carbon energy industry remains vastly under supported. Recent 
projection places the total value of conventional global fossil fuel 
subsidies between $775 billion and more than $1 trillion in 2012, 
depending on which supports are included in the calculation. In 
contrast, total subsidies for renewable energy stood at $66 billion 
in 2010, although that was a 10% increase from the previous year. 
Two thirds of these subsidies went to renewable electricity 
resources and the remaining third to biofuels (see Fig. 3) [33]. 


2.3.1. The fault of the European Union-Emissions Trading 
Scheme (EU-ETS) 

Although the first phase of European Union-Emission Trading 
Scheme (EU-ETS) was created to operate apart from the Kyoto 
Protocol, the EU later agreed to incorporate Kyoto Protocol 
flexible mechanism certificates as compliance tools within the 
EU-ETS [34]. So far, autumn 2012, the EU-ETS is the world’s 
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Fig. 3. Estimated global energy consumption subsidies for fossil fuel and renew- 
ables during 2008-2010. . 
Source: [33]. 


largest emission trading program. It includes 11,000-12,000 
power stations and industrial plants that produce half of Europe’s 
total carbon emissions [35]. The EU-ETS was designed to encou- 
rage companies to invest in technologies that reduce their 
emissions in the long term [36]. After two development stages 
of the EU-ETS since 2005, however, it has been criticized for 
encouraging the companies to buy allowances and emit the same 
rather than investing in low-carbon efficiency and green technol- 
ogies [28,37-43]. The faults of the EU-ETS include but are not 
limited to: 


(i) Carbon pricing mechanism failure 
Compared to the all genuine commodity prices evolved from 
the bottom up approach, the carbon price is set by the top 
down approach. An emission cap for individual industrial 
sector was set by the European Commission. Companies were 
approved to set their own baselines of carbon emission and 
determine their own abatement cost curves. These data were 
submitted to national government. Based on these data, 
national government submitted a National Allocation Plan 
to the European Commission [44]. The top down approach has 
deeply distorted the workings of the free market mechanism 
and can eventually lead EU-ETS to deliver the unstable and 
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low carbon price [28,40-42,45]. For example, a stream of new 
projects was approved by the European Commission in 2005, 
the market traders anticipated carbon credits over-allocation 
and market glut. As a result, carbon price dropped from 
around €20 per ton in 2005 to less than €10 in April 2006. 
Later in 2006, again, prices reached a peak of €30 per ton, but 
after governments added emissions allowances the price 
plummeted to €10 per ton in September 2007 [28,45]. This 
unstable and low carbon price has discouraged the companies 
to invest low carbon technology [40-42]. For example, a 
survey of EU-ETS effectiveness found that 85% of some 
regulated industries in different sectors had trouble deciding 
whether to purchase credits or begin abating their emissions 
[43]. 
(ii) Free allocation and windfall profits 

Many loopholes have enabled profiteers to make money from 
the top-down creation of carbon market, without materially 
affecting emissions [21,46,47]. Most notably, the EU allowan- 
ces (EUAS) was mainly freely allocated to firms, whereas the 
price of EUAs was passed fully in the final price of electricity, 
which resulted in a massive windfall gain to electricity 
companies. Even worse, the firms used revenues from the 
EU-ETS to reinvest in fossil fuels and activities that emit 
greenhouse gases [28]. For example, the EU large power 
utilities passed on the opportunity costs of withholding 
carbon credits to raise their value in the EU-ETS directly to 
consumers and ratepayers, producing windfall profits of 
about $112 billion that were then funneled back into fossil 
fuel fired power plant [28,48]. 


The failure of EU-ETU has discouraged other countries to 
conduct carbon trading trials. In generally, the global carbon 
trading trials seem to be halted. The carbon trading came unstuck 
in US which has set a global example of cutting SO emission 
through cap-and-trade system [49]. The U.S. nationwide carbon 
cap-and-trade market has signaled the death of the seven-year- 
old industry in November 2010 [50]. In 2011, the Obama 
Adminstration failed to get its cap-and-trade plan passed in 
Congress [51]. 


2.3.2. The fault of clean development mechanism 

As mentioned earlier, the Kyoto Protocol sets binding targets 
for developed countries’ GHG emissions, whereas developing 
countries are implementing non-binding reduction initiatives. 
To encourage developing nations in controlling carbon emissions, 
the Kyoto Protocol established the CDM [52,53]. The CDM works 
by paying developing countries to adopt advanced low-carbon 
technologies than they otherwise would [28,53]. 

On major flaw of CDM is the risk of fraud. Compared to business 
as usual, “additional” is prerequisite for a CDM project. However, 
the fact was sometimes covered that the carbon reduction acquired 
through the CDM-project are not “additional”. For example, some 
hydropower recognized as a CDM-project were already completed 
at the time of registration and almost all were already under 
construction, which means that Certified Emission Reduction 
(CERs) issued for projects that are not additional [54-58]. 

Another flaw is high transaction costs. Transaction costs of 
CMD are higher for offsets than for normal trading, since offsets 
must involve a baseline, monitoring, allocation, and compliance 
oversight on a trade. A 2007 survey found that more than 60% of 
respondents identified transaction costs such as time for approval 
and registration with the CDM Executive Committee as major 
barriers towards investing global carbon markets [59]. 


3. Multi-scale and multi-level system to govern the climate 
commons 


However, those failures as mentioned above do not indicate 
that the Kyoto is a wrong tool of the nature as an instrument 
of “centralized government”. The “centralized government” 
approaches - binding environmental treaties - have been 
approved to effectively deal with ozone depletion and SO, 
emission [60]. Ozone depletion has be prevented by controlling 
a small suite of artificial gases, and SO, emission has been 
decreased mainly by controlling emission from power generation 
[21]. In contrast, climate change is more complexity and uncer- 
tain problems than ever before. The well-documented close 
relationship between economic growth and fossil energy use 
and attendant carbon emission [12-14,61,62] indicates the GHG 
emission is an almost inherent result of economic development. 
For example, the contributions factors to the increase in CO, 
growth rate was 65+16% from increasing global economic 
activity between 2000 to 2006 [13], whereas the global financial 
and economic crisis in 2008 drive the global COz emissions from 
fossil fuel burning decreased by 1.3% in 2009—the first time since 
2000 [18]. Therefore, governing the climate commons must be 
involved in revolutionizing the economic and social development 
model driven fossil fuel energy since industrial revolution [63]. 
We contend that the Kyoto failure is derived from the fact that 
neither “centralized government” nor “private property” can 
effectively govern the complexity commons [6,8,64,65]. 

Four decades of governing the commons repeatedly show that 
only a wide diversity of adaptive governance systems can effec- 
tive stewards of common resources, whereas reliance on a single 
“solution” is naive and may result in more of a problem than a 
solution in some cases [6,8,66-68]. Given the complexity of 
climate common, it is unreasonable that waiting for another 
“global federalism of climate policy” emerging from global 
negotiation. Instead, polycentric system should be considered 
and taken [2-5,69]. In addition to a global binding treaty post- 
Kyoto, we believe that institutional diversity should possess at 
least seven central elements of governing the climate commons 
(see Fig. 4). 


3.1. Multi-scale approaches 


Major climate policies and mechanisms exist at a global scale, 
because the Kyoto demonstrates a global approach to governance 
carbon [22-24]. However, given climate change is a complexity 
governance problem, it is not just a matter of policies and 
mechanisms at a global scale. In addition, if not backed up by a 
variety of efforts at national, regional, and local scale, policies and 
measures at a global scale might not guaranteed to work well. 
Instead of focusing on global-scale policies, multi-scale 
approaches are recommended. 


3.1.1. Starts at home 

In the authors’ view, more actions should take place in 
households. Although the effects of protect the climate common 
are complexity and variety, the bottom line cause of GHG 
emission is household consumption [70]. On the global level, 
72% of GHG emissions are related to household consumption, 
whereas 10% to government consumption, and 18% to invest- 
ments [71]. In addition, given the population in this planet is 
7 billion, there is no way to curb GHG emission, if our consump- 
tion is not transition toward to low carbon model [70]. Indeed, 
actions taken at a family level can make a substantial difference. 
For example, in US, if a family changes its fundamental behavior 
relating to home insulation, carpooling, and the purchase of 
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Fig. 4. Multi-scale and multi-level governance of climate commons. (governance requirement [center column] Ref. [6]). 


fuel-efficient cars, these actions would cumulatively reduce their 
energy use and GHG emission by around 30% in US [5,72]. 

The limited success of energy-efficiency campaigns during the 
energy crisis of the 1970s, and the failure of campaigns that 
encouraged mass transit and carpooling over the last several 
decades, show behavior change is a gigantic challenge [72]. Single 
policy tool is in no way to drive household and individual 
behavior change [72-75]. For example, traditional economic 
models of rational choice through price signal cannot effective 
drive household and individual behavior change. Instead, finan- 
cial incentives alone typically fall far short of producing cost 
minimizing behavior—“energy efficiency gap” [74,76]. 

Behavior change is more complex, requiring the successful 
integration of variable dynamics [74]. This demands to develop 
and deploy low-carbon technology. It also requires an adaptive 
carbon tax, which internalizes the cost of carbon emission into 
the cost of the products and services, theoretically meaning that 
the consumer will decrease the carbon content of their consump- 
tion for their self-interests. But above all, behavior change must 
be involved in a fundamental extension in morality [1,9], which 
might be deeper influence than technology and economics. 

The wealth countries should take more responsibilities for 
behavior change. For example, switching from SUVs to fuel- 
efficient passenger cars in U.S. alone would nearly offset the 
emissions generated in providing electricity to 1.6 billion poor 
people in developing countries emission [77]. 


3.1.2. Local scale—“Thinking globally while acting locally” 

Local scale approaches have been largely neglected after 
established Kyoto system, whereas global-scale solution has been 
the only game in the town [21-23]. However, local scale mea- 
sures and policies might be more effective than the global scale. 
Extensive research on “collective action” show that many groups 


in the field have self-organized to develop solutions to common- 
pool resource problems at a small to medium scale, contrary to 
the conventional theory of “the tragedy of the commons” 
[5,6,8,78]. Moreover, local scale efforts are more urgent. Almost 
all impacts and inter-annual variability of climate change occur at 
a regional and local scale, although climate change is a global 
issue and long-term trend [79]. 

Local scale policies and measures should viewed not only as a 
part of efforts to effectively govern the climate commons, but also 
as a global scale policy experiments from which lessons could be 
learned about what works, when and where. For example, the US 
system of federalism encourages small-scale policy experiments 
at the state or local-government levels as well as with the 
philanthropic and private sectors. When state or local policies 
succeed, such experiments can be implemented at the national- 
scale [80]. 

Civil society should take a leading role in local scale measures 
and policies [81]. Local collective action to govern the climate 
commons represents not a single event, but is a systemic process. 
Local-scale polices and measures range from self-education, 
informational instruments, to toward low-carbon consumption. 
In such processes, Non-Government Organization (NGOs) has 
played an irreplaceable role [81,82]. NOGs provides a forum 
where different interest individuals can launch public debates 
related to climate-change issues and arouse the attention of the 
general locals. Public momentum spurs the formulation of new 
decision-making and modus operandi. The locals and NOGs also 
ensure that these policies will be upheld by monitoring the 
government. Indeed, almost in each conference of UNFCCC since 
1995, the numbers of participants from NGOs is usually higher 
than the number of participants from government [83]. NGOs is 
“thinking globally while acting locally”, and integrating actions 
into their special domestic political or cultural environments [84]. 
NOGs therefore might facilitate climate protection at local scale in 
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which locals are protecting their climate commons by voluntary 
collective action without any political purpose or commercial 
interests. 


3.1.3. Global scale—Focusing on the top emitters 

The Kyoto supporters hold that engaging all of the global 
government is matching global threat with universal response. 
However, the more parties there are to any negotiation, the lower 
the common denominator for agreement [21,24]. This can be 
shown the climate summit at Copenhagen in 2009, at Cunkun in 
2010, and at Durban in 2011. Given that a new legally binding 
global carbon emission reduction agreement will not be reached 
before 2012 when Kyoto’s first leg ends, it is unreasonable that a 
global scale solution is just relying on such everyone-in approach. 
Instead, a variety of policies should be considered and taken. 

One of collective actions at global-scale should come from the 
top 20 GHG emitters, which are responsible for about 80% of the 
world’s emissions [15]. In this sense, action to curb or expand 
carbon emission in those top 20 emitters determine whether 
governing global climate commons succeed or fail. If these top 20 
nations act to curb emissions, the rest of the world can more 
easily coalesce on carbon reduction. If they fail to act, the 
mitigation strategies adopted by the rest of the world will fall 
far short of averting disaster for large parts of the earth. G20 
summit provides forum of dialogue to governing the climate 
commons. The climate change dialogue should become one of the 
core issues of annual G20 summit. 

Another critical collective action at global-scale must be come 
from China and U.S., Together, China and U.S. produce over 40% of 
global GHG emissions [15]. Without the world’s two largest 
carbon emitters forging an unparalleled and extensive collective 
exercise, governing the climate commons will remain intractable 
and unsolvable [85-87]. Chinese and American political leaders 
appear to recognize the necessary of such corporation, released a 
series of ambitious programs of cooperation, and established 
multi-level bilateral cooperation mechanism since 2004. How- 
ever, Sino-U.S. climate cooperation mainly takes place on paper 
and appears in slogans [88]. 


3.2. Multi-level approaches 


The Kyoto’s architects assumed that climate change would be 
best attacked directly through global emissions control, GHG to 
be reduced via mutually verifiable targets and timetables. Indeed, 
the existing efforts derived from the Kyoto have exclusively 
focused on the mitigation, which is dominated by command 
and control approach [21-24]. However, given climate change is 
not a discrete problem, it is not an amenable to a directive 
mitigation solution [5,69]. Moreover, if not backed up by a variety 
of efforts from information sharing, privatizing the commons, 
adaptive, and carbon sink, policies and measures of mitigation 
might not guaranteed to work well. Instead of focusing on 
mitigation policies, multi-level approaches are proposed. 


3.2.1. Improving information sharing to cultivate collective action 
Extensive research show that good information sharing is an 
essential for established trust and reciprocity among individual 
actor involved, which is closely associated with successful levels 
of collective action [5,6,8]. However, climate information sharing 
does not work well. Although a majority of individuals have 
expressed concern about climate change for many years [89-91], 
skepticism regarding global warming seriousness and anthropo- 
genic causes has increased recently, partly because of “Climate- 
gate” [89,90]. In addition, public perceptions typically reflect 


a much lower concern about climate change than is expressed 
by climate scientists [92]. 

Effective sharing climate information demands continuous 
climate information at multi scale. At the global scale, climate 
information means not only factual information about the 
human-climate system, but also information about uncertainty. 
Although extensive researches show the anthropogenic causes of 
global warming is no doubt, scientific understanding of human- 
climate system remains some uncertainties, because of the 
inherent complexity in the human-climate system. “Climategate” 
shows how a paradoxical mixture of religious metaphors and 
demands for “better science” allowed those disagreeing with the 
theory of anthropogenic climate change to undermine the authority 
of science and call for political inaction with regard to climate 
change [89]. Individual actor needs information that character- 
ized the types and magnitudes of this uncertainty, which must 
not undermine but strengthen the fact of anthropogenic global 
warming. 

At the local scale, it should emphasize actor’s first-hand 
experience of potential consequences of climate change. Indivi- 
dual who has direct experience of phenomena that may be linked 
to climate change would be more likely to be concerned by the 
issue and thus more inclined to undertake protecting climate 
commons. In the UK, for example, those who report experience of 
flooding express more concern over climate change, see it as less 
uncertain and feel more confident that their actions will have an 
effect on climate change. Importantly, these perceptual differ- 
ences also translate into a greater willingness to save energy to 
mitigate climate change [91]. 


3.2.2. Privatizing the climate to avoid “free rider” 

A perennial problem in collective action is how to avoid “free 
riders” who consume a resource without paying for it. When 
participants fear they are being “suckers” for taking costly actions 
while others enjoy a free ride, more substantial effort is devoted 
to finding deceptive ways of appearing to reduce emissions while 
not actually doing so [5]. To avoid free rider, emission permit is 
necessary in the global and national scale, whereas carbon tax is 
an indispensable tool in the global and local scale [93]. By levying 
on the carbon content of product and service goods, carbon tax 
seeks to shift the responsibility for carbon emission from the 
indefinite common to the entities consuming it. 

Theoretically, a harmonization carbon tax - all nations would 
be subjected to a tax at a common rate - is necessary, provided 
that the world income distribution was equitable [94]. However, 
in an inequitable world, having developing countries being sub- 
ject to the same tax rates as developed countries is unjust and 
unpractical. A harmonization (border carbon tax)—differentiated 
(domestic carbon tax) carbon tax is more rational and practical. 
The initial carbon tax should set a relative low, which is based on 
the welfare of the emerging countries. Such border carbon tax is 
necessary, but not sufficient, for an equitable carbon tax system. 
The differentiated domestic carbon tax should be introduced, 
which is set high enough to make low-carbon product more 
preferentially for individual’s self-economic interest. 

Three measures tools, i.e., process, input-output and hybrid 
life cycle assessment, are used to calculate carbon footprint of 
products [95]. Based on the three standards, there are a dozen of 
models. Both approaches and models are heavily depended on the 
definition of boundaries and data of production chain, which 
complicates the calculation carbon footprint of same product [96]. 
The more complex the product, and the more countries involved 
in the value chain, the more difficult it is to calculate carbon 
footprint. In some cases, some approximations are inevitable. 
Generally, the calculation of the carbon footprint of fossil fuel and 
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energy-intensive products is relative precise, the carbon tax 
therefore could focus on these fossil fuel (coal, oil, and gas) and 
carbon-intensive products (cement, steel, and chemicals) first. 


3.2.3. Combination climate mitigation with adaptive approach 

The existing efforts derived from the Kyoto exclusively focus 
on mitigation. In contrast, adaptation was misunderstood as a 
cost of human-caused climate change that would be avoided if 
climate change were prevented through emissions mitigation for 
a long time [21,23,24]. Moreover, the policy community sup- 
pressed discussion of adaption out of fear that it would blunt the 
arguments for mitigation efforts [21]. However, no matter which 
mitigation efforts we take, the climate will be changing over the 
next few decades—not only because of the GHG that are already 
out there, but also because of natural climate variability 
[21,79,97]. Virtually every climate impact projected to result from 
increasing GHG concentrations - from rising storm damage to 
declining biodiversity - already exists as a major concern. 
On longer timescales, the amount of mitigation achieved will 
dictate the magnitude of adaptation that is still required [79]. 
Therefore, adaptation should be an essential part of climate policy 
alongside mitigation. 

Today, although the important of adaptive has been recog- 
nized [63], more efforts remain need: (i) Policy-makers should 
understand the limitations of mitigation for reducing vulnerabil- 
ities, and give more urgent consideration to broader adaptation 
policies - such as improved management of coastal zones and 
water resources — that will enhance societal resilience to future 
climate impacts [97]. (ii) More surveillance and early warning 
information is urgent. (iii) The budged of adaptive should be 
increased remarkably to improve capacity building of adaptive. 
The commitment of international resources to the multilateral 
Adaptation Fund under the United Nations Climate Change Con- 
vention is less than one-tenth of funds for mitigation [21]. (iv) It is 
urgent to provide the most vulnerable countries with climate 
services to help them adaptive. For example, to weather these 
changes, Bangladesh will need a gargantuan effort bolstering its 
infrastructure [98]. 


3.2.4. Improved ecology services to expand carbon sink 

One of the most important strategies to keep atmospheric GHG 
level below 450 ppm COsze is enhancing carbon sink of terrestrial 
ecosystem [99,100]. Carbon uptake by terrestrial ecosystem con- 
tributed to about 30% of anthropogenic carbon emission from 
fossil fuel and land-use change. Forests are major contributors to 
this terrestrial carbon sink [100]. Unfortunately, expanding 
pasture and farmland has led to much recent deforestation, 
especially in South American and Southeast Asia. For example, 
tropical deforestation in Brazil reach to an average of 19,500 km?/ 
year from 1996 to 2005, which released 0.7 to 1.4 Gt COze per 
year to the atmosphere [101]. The UN initiative on Reducing 
Emissions from Deforestation and Forest Degradation (REDD) 
offers financial incentives to developing countries to reduce 
deforestation, which has been further emphasized at Cancun 
2010 climate summit [102]. In the future, the REDD should be 
upgraded to as ecosystem service. 

Terrestrial sinks are part of an active ecological cycle. About 
50% of the initial uptake of carbon through photosynthesis is used 
by plants for growth and maintenance. The remaining carbon is 
net primary production. Part of this is shed as litter and enters the 
soil, where it decomposes, and releasing nutrients to the soil and 
CO, to the atmosphere. The remaining carbon after these emis- 
sions is net ecosystem production. Much of this is lost by 
nonrespiratory processes such as fire, insect damage, and harvest. 
The remaining carbon is called net biome production (NBP). NBP 


is a small fraction of the initial uptake of CO2 from the atmo- 
sphere and can be positive or negative; at equilibrium it would be 
zero. NBP is the critical parameter to consider for long-term 
(decadal) carbon storage [99]. A full ecosystem service applied to 
all terrestrial ecosystem would account for all potential terrestrial 
sinks and sources, not just those of the REDD forest, and would 
help identify other sinks that could be increased through 
management. 

An ecosystem service requires understanding the nature of 
terrestrial carbon sinks—their distribution, control, longevity, and 
reliability. Recent breakthroughs in using geographic information 
systems and in-depth knowledge of the biophysical settings to 
map ecological systems over time are beginning to provide the 
tools needed for more careful planning for improvements in 
ecological systems. The models, however, need to be developed 
at multiple scales and decision-making units so that they can then 
determine which policies can be adopted to improve carbon 
sequestration in line with the ecology at that particular scale 
[5,103]. 


4. Conclusion 


Meeting the potential unprecedented tragedy of the climate 
commons, we share in common. Collective action is not optional 
but imperative, as no one country can win the battle against 
climate change acting alone. Given such collective action is 
involved 7 billion people, there are no “optimal” solutions for 
such collective action. Four decades of governing the commons 
repeatedly show that reliance on a single “solution” is naïve and 
may result in more of a problem than a solution. However, 
governing the unprecedented climate commons, there is only a 
“centralized government”—the Kyoto Protocol. Indeed, with the 
Kyoto Protocol, this planet has continued to see an unprecedented 
increase in the accumulation of carbon dioxide in the atmosphere. 
We argue that the Kyoto Protocol is failure, although the Kyoto is 
not a wrong tool of the nature as a tool of “centralized govern- 
ment”. The Kyoto failures are derived from the fact that only a 
wide diversity of adaptive governance systems can effective 
stewards of common resources. We therefore emphasize that 
continuing to wait for another global binding treaty may lead to 
missing the chance to make significant mitigations and adapta- 
tions in time to battling the climate change. Post-2012, Multi- 
level and multi-scale approaches could make a difference in 
collective action for governing the climate commons to fighting 
the global warming. 


Acknowledgements 


The views expressed in this article just reflect the auhtors’ 
views. This work is funded by the Director’s Foundation of 
Xinjiang Institute of Ecology and Geography, CAS. 


References 


[1] Hardin G. The tragedy of the commons. Science 1968;162(3859):1243-8. 

[2] Ostrom E. A polycentric approach for coping with climate change. Washington, 
DC: The World Bank; 2009. 

[3] Cole DH. From global to polycentric climate governance. Climate Law 
2011;2(3):395-413. 

[4] Harrison K, Sundstrom LMI. Global commons, domestic decisions: the 
comparative politics of climate change. MIT Press; 2010. 

[5] Ostrom E. A multi-scale approach to coping with climate change and other 
collective action problems. Solutions 2010:27-361 2010:27-36. 

[6] Dietz T, Ostrom E, Stern PC. The struggle to govern the commons. Science 
2003;302(5652):1907-12. 


476 


[16 


[17 


18 
19 
20 


21 
22 


23 


[24 


[25 


[26 


[27 


[28 


[29 


[30 


[31 
[32 
[33 
[34 
[35 


[36 


[37 


[38 


[39 


[40 


[41 


Q Wang, X. Chen / Renewable and Sustainable Energy Reviews 21 (2013) 469-477 


Stavins, RN., The problem of the commons: still unsettled after 100 years 
FEEM working paper; HKS working paper, 2010: p. Available at SSRN: 
<http://ssrn.com/abstract=1679114). 

Ostrom E, Burger J, Field CB, Norgaard RB, Policansky D. Revisiting the 
commons: local lessons, global challenges. Science 1999;284(5412): 
278-82. 

Hardin G. Extensions of the tragedy of the commons. Science 1998;280(5364): 
682-3. 

Ostrom E. Governing the commons: the evolution of institutions for 
collective action. Cambridge Univ Pr; 1990. 

Farber DA. Climate change, federalism, and the constitution. Arizona Law 
Review 2008:87950 2008:879. 

Le Quere C, Raupach MR, Canadell JG, Marland G, et al. Trends in the 
sources and sinks of carbon dioxide. Nature Geoscience 2009;2(12):831-6. 
Canadell JG, Le Quiti C, Raupach MR, Field CB, Buitenhuis ET, Ciais P, et al. 
Contributions to accelerating atmospheric CO2 growth from economic 
activity, carbon intensity, and efficiency of natural sinks. Proceedings of 
the National Academy of Sciences 2007;104(47):18866. 

Raupach MR, Marland G, Ciais P, Quéré CL, Canadell JG, Klepper G, et al. 
Global and regional drivers of accelerating CO, emissions. Proceedings of 
the National Academy of Sciences 2007;104:10288-93. 

CDIAC. Carbon Dioxide Information Analysis Center. 2010 [cited 2012-10- 
10]; Available from: <http://cdiac.ornl.gov/>. 

Peters GP, Marland G, Le Quere C, Boden T, Canadell JG, Raupach MR. Rapid 
growth in CO2 emissions after the 2008-2009 global financial crisis. Nature 
Climate Change 2012;2(1):2-4. 

Raupach MR, Marland G, Ciais P, Quéré CL, Canadell JG, Klepper G, et al. 
Global and regional drivers of accelerating CO2 emissions. Proceedings of 
the National Academy of Sciences 2007;104:10288-93. 

Friedlingstein P, Houghton RA, Marland G, Hackler J, Boden TA, Conway TJ, 
et al. Update on CO2 emissions. Nature Geoscience 2010;3(12):811-2. 
Stone CD. Common but differentiated responsibilities in international law. 
American Journal of International Law 2004:276-301. 

Diringer E. Climate policy: letting go of Kyoto. Nature 2011;479(7373): 
291-2. 

Prins G, Rayner S. Time to ditch Kyoto. Nature 2007;449(7165):973-5. 
Victor DG. The collapse of the Kyoto protocol and the struggle to slow global 
warming. Princeton Univ Pr; 2001. 

Grubb M, Vrolijk C, Brack D. The Kyoto protocol: a guide and assessment. 
Earthscan; 1999. 

Babiker MH, Jacoby HD, Reilly JM, Reiner DM. The evolution of a climate 
regime: Kyoto to Marrakech and beyond. Environmental Science & Policy 
2002;5(3):195-206. 

Peters GP, Minx JC, Weber CL, Edenhofer O. Growth in emission transfers via 
international trade from 1990 to 2008. Proceedings of the National 
Academy of Sciences 2011. 

UNFCCC. Kyoto protocol 2011 [cited 2012-10-10]; Available from: <http:// 
unfccc.int/kyoto_protocol/items/2830.php >. 

UNFCCC. The Mechanisms under the Kyoto Protocol: Emissions Trading, the 
clean development mechanism and joint implementation. 2012 [cited 
2012-10-10]; Available from: <http://unfccc.int/kyoto_protocol/mechan 
isms/items/1673.php >. 

Sovacool BK. The policy challenges of tradable credits: a critical review of 
eight markets. Energy Policy 2011;39(2):575-85. 

Pearson B. Market failure: why the clean development mechanism won’t 
promote clean development. Journal of Cleaner Production 2007;15(2): 
247-52. 

Anthoff D, Hahn R. Government failure and market failure: on the 
inefficiency of environmental and energy policy. Oxford Review of Economic 
Policy 2010;26(2):197-224. 

Renssen, Sv., The fate of the EU carbon market hangs in the balance. 
European Energy Review, Sonja van Renssen. 

Wang Q, Chen Y. Status and outlook of China’s free-carbon electricity. 
Renewable and Sustainable Energy Reviews 2010;14(3):1014-25. 

Ochs A, Anderson E, Rogers R. Fossil fuel and renewable energy subsidies on 
the rise. Washington, DC: Worldwatch Institute; 2012. 

Convery FJ. Origins and development of the EU ETS. Environmental and 
Resource Economics 2009;43(3):391-412. 

World Bank, State and trends of the carbon market 2012, 2012, World Bank: 
Washington, D.C. 

Ellerman AD, Buchner BK. The European Union emissions trading scheme: 
origins, allocation, and early results. Review of Environmental Economics 
and Policy 2007;1(1):66-87. 

Chevallier J. Carbon futures and macroeconomic risk factors: a view from 
the EU ETS. Energy Economics 2009;31(4):614-25. 

Chéze B, Chevallier J, Alberola E. Emissions compliances and carbon prices 
under the EUETS a country specific analysis of industrial sectors. Journal of 
Policy Modeling 2009;31(3):446. 

Ellerman AD, Buchner BK. Over-allocation or abatement? A preliminary 
analysis of the EU ETS based on the 2005-2006 emissions data Environ- 
mental and Resource Economics 2008;41(2):267-87. 

Hoffmann VH. EU ETS and investment decisions: the case of the German 
electricity industry. European Management Journal 2007;25(6):464-74. 
Rogge KS, Schneider M, Hoffmann VH. The innovation impact of the EU 
Emission Trading System—findings of company case studies in the German 
power sector. Ecological Economics 2011;70(3):513-23. 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


79 


Abadie LM, Chamorro JM. European CO, prices and carbon capture invest- 
ments. Energy Economics 2008;30(6):2992-3015. 

Hepburn C. Carbon trading: a review of the Kyoto mechanisms. Annual 
Review of Environment and Resources 2007;32:375-93. 

Betz, R Sato, M., Emissions trading: lessons learnt from the 1st phase of the 
EU ETS and prospects for the 2nd phase. 2006. 

Andrew B. Market failure, government failure and externalities in climate 
change mitigation: the case for a carbon tax. Public Administration and 
Development 2008;28(5):393-401. 

Michaelowa A, Jotzo F. Transaction costs, institutional rigidities and the size 
of the clean development mechanism. Energy Policy 2005;33(4):511-23. 
Michaelowa A, Stronzik M, Eckermann F, Hunt A. Transaction costs of the 
Kyoto Mechanisms. Climate Policy 2003;3(3):261-78. 

Lohmann L. When markets are poison. United Kingdom: The Corner House 
Dorset; 2009. 

Stavins RN, Hahn RW. The effect of allowance allocations on cap-and-trade 
system performance. The Journal of Law and Economics 2010. 

Capoor, K Ambrosi, P., State and trends of the carbon market 2010, 2010, 
World Bank: Washington, D.C. 

Schiller B. Europe’s CO2 trading scheme: is it time for a major overhaul? 
Yale Envrionment 2011;360 28 Aril. 

Wara M. Is the global carbon market working? Nature 2007;445(7128): 
595-6. 

Wang Q, Chen Y. Barriers and opportunities of using the clean development 
mechanism to advance renewable energy development in China. Renew- 
able and Sustainable Energy Reviews 2010;14(4):1989-98. 

Schneider L. Assessing the additionality of CDM projects: practical experi- 
ences and lessons learned. Climate Policy 2009;9(3):242-54. 

Ellis J, Kamel S. Overcoming barriers to clean development mechanism 
projects. OECD Papers 2007;7:1. 

Sutter C, Parreño JC. Does the current clean development mechanism (CDM) 
deliver its sustainable development claim? An analysis of officially regis- 
tered CDM projects Climatic Change 2007;84(1):75-90. 

Boyd E, Hultman N, Timmons Roberts J, Corbera E, Cole J, Bozmoski A, et al. 
Reforming the CDM for sustainable development: lessons learned and 
policy futures. Environmental Science & Policy 2009;12(7):820-31. 

Wang Q. Time for commercializing non-food biofuel in China. Renewable 
and Sustainable Energy Reviews 2011;15(1):621-9. 

Boyle G, Kirton J, Lof RM, Nayler T. Transitioning from the CDM to a clean 
development fund. CCLR The Carbon & Climate Law Review 2009;3(1): 
16-24. 

Stavins, RN., Experience with market-based environmental policy instru- 
ments 2001, Washington, D.C.: Resources for the Future. 

Holtz-Eakin D, Selden TM. Stoking the fires? CO2 emissions and economic 
growth Journal of Public Economics 1995;57(1):85-101. 

Soytas U, Sari R. Energy consumption and GDP: causality relationship in G-7 
countries and emerging markets. Energy Economics 2003;25(1):33-7. 
Stern, N., Stern review on the economics of climate change 2006, London: 
London School of Economics and Political Science. 

Ostrom E. Beyond markets and states: polycentric governance of complex 
economic systems. American Economic Review 2010;100(3):72-641. 
Wang Q. China has the capacity to lead in carbon trading. Nature 
2013;493(7432):273. 

Pritchett L, Woolcock M. Solutions when the solution is the problem: 
arraying the disarray in development. World Development 2004;32(2): 
191-212. 

Ostrom E. A diagnostic approach for going beyond panaceas. Proceedings of 
the National Academy of Sciences 2007;104(39):15181. 

Ostrom E. A general framework for analyzing sustainability of social- 
ecological systems. Science 2009;325(5939):419-22. 

Ostrom E. Nested externalities and polycentric institutions: must we wait 
for global solutions to climate change before taking actions at other scales? 
Economic Theory 2012:1-17. 

Rosa EA, Dietz T. Human drivers of national greenhouse-gas emissions. 
Nature Climate Change 2012;2(8):581-6. 

Hertwich EG, Peters GP. Carbon footprint of nations: a global, trade-linked 
analysis. Environmental Science & Technology 2009;43(16):6414-20. 
Vandenbergh MP, Steinemann AC. The carbon-neutral individual. New York 
University Law Review 2007;82:1673-745. 

Allcott H, Mullainathan S. Behavior and energy policy. Science 2010;327(5970): 
1204-5. 

Dietza T, Gardnerb GT, Gilliganc J, Sternd PC, Vandenberghe MP. Household 
actions can provide a behavioral wedge to rapidly reduce US carbon 
emissions. Proceedings of the National Academy of Sciences 2009;106(44): 
18452-6. 

Wang Q, Qiu H-N, Kuang Y. Market-driven energy pricing necessary to 
ensure China’s power supply. Energy Policy 2009;37(7):2498-504. 

Jaffe AB, Stavins RN. The energy-efficiency gap What does it mean? Energy 
Policy 1994;22(10):804-10. 

World Bank, World development report 2010: Development and Climate 
Change, 2010, The World Bank: Washington, DC. 

Poteete AR, Janssen MA, Ostrom E. Working together: collective action, the 
commons, and multiple methods in practice. Princeton: Princeton University 
Press; 2010. 

Visbeck M. From climate assessment to climate services. Nature Geoscience 
2008;1(1):2-3. 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


Q Wang, X. Chen / Renewable and Sustainable Energy Reviews 21 (2013) 469-477 477 


DOE, A Compendium of options for government policy to encourage private 
sector responses to potential climate changes : report to the Congress of the 
United States 1989, Washington D.C: U.S. Deptarment of Energy. 

Wang Q. Time for commercializing non-food biofuel in China. Renewable 
and Sustainable Energy Reviews 2011;15(1):621-9. 

Wang Q, Chen X, Xu Y-C. Pollution protests: green issues are catching on in 
China. Nature 2012;489(7417):502. 

UNFCCC. Civil society and the Climate Change Process. 2011 [cited 2012-10- 
10]; Available from: <http://unfccc.int/parties_and_observers/ngo/items/ 
3667.php>. 

Arts B. The global-local nexus: NGOs and the articulation of scale. Tijdschrift 
Voor Economische en Sociale Geografie 2004;95(5):498-510. 

Chandler, W Peace, I., Breaking the suicide pact: US-China Cooperation on 
Climate Change 2008: Carnegie Endowment for International Peace. 
Wang Q. Effective policies for renewable energy - the example of China’s 
wind power - lessons for China’s photovoltaic power. Renewable and 
Sustainable Energy Reviews 2010;14(2):702-12. 

Wang Q, Chen X. Regulatory failures for nuclear safety - the bad example of 
Japan - implication for the rest of world. Renewable and Sustainable Energy 
Reviews 2012;16(5):2610-7. 

DOE. U.S.-China Energy Cooperation. 2010 [cited 2012-10-10]; Available 
from: <http://www.pi.energy.gov/usa_china_energy_cooperation.htm >. 
Leiserowitz A, Maibach EW, Roser-Renouf C, Smith N, Dawson E. Climate- 
gate. Public Opinion, and the Loss of Trust 2010. 

Nerlich B. ‘Climategate’: paradoxical metaphors and political paralysis. 
Environmental Values 2010;19(4):419-42. 

Spence A, Poortinga W, Butler C, Pidgeon NF. Perceptions of climate change 
and willingness to save energy related to flood experience. Nature Climate 
Change 2011;1(1):46-9. 


92] Weber EU. What shapes perceptions of climate change? Wiley Interdisci- 
plinary Reviews: Climate Change 2010;1(3):332-42. 

93] Pearce D. The role of carbon taxes in adjusting to global warming. The 
Economic Journal 1991;101(407):938-48. 

94] Nordhaus WD. Climate change: global warming economics. Science 
2001;294(5545):1283-4. 

95] Wiedmann T, Minx J. A definition of ‘carbon footprint, in ecological 
economics research. In: Trends CC, editor. Pertsova. Hauppauge NY, USA: 
Nova Science Publishers; 2008. p. 1-11. 

96] Finkbeiner M. Carbon footprinting—opportunities and threats. The Inter- 
national Journal of Life Cycle Assessment 2009;14(2):91-4. 

97] Pielke R, Prins G, Rayner S, Sarewitz D. Climate change 2007: lifting the 
taboo on adaptation. Nature 2007;445(7128):597-8. 

98] Inman, M., Where warming hits hard. 2009(0902): p. 18-21. 

99] Group ITCW. The terrestrial carbon cycle: implications for the Kyoto 
Protocol. Science 1998;280(5368):1393-4. 

[100] Bonan GB. Forests and climate change: forcings, feedbacks, and the climate 

benefits of forests. Science 2008;320(5882):1444-9. 

[101] Nepstad D, Soares-Filho BS, Merry F, Lima A, Moutinho P, Carter J, et al. The 
end of deforestation in the Brazilian Amazon. Science 2009;326(5958): 
1350-1. 

[102] REDD. Reducing emissions from deforestation and forest degradation. [cited 
2012-10-10]; Available from: < www.un-redd.org >. 

[103] Daily GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA, Pejchar L, et al. 

Ecosystem services in decision making: time to deliver. Frontiers in Ecology 

and the Environment 2009;7(1):21-8. 


